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57 ABSTRACT 

A method of forming isolation region of an integrated circuit 
by using rough oxide mask is described. First, a layer of first 
dielectric is formed on the Surface of a silicon Substrate. The 
first dielectric layer is then patterned to define active device 
region and isolation region. Next, a very thin layer of Silicon 
dioxide is formed over the silicon Substrate Surface, fol 
lowed by depositing a layer of rough oxide with proper grain 
Size overlaying the Silicon dioxide layer. By using rough 
oxide grains as an etching mask, the Silicon dioxide layer 
and the Silicon Substrate underneath are spontaneously 
etched to form multiple trenches in the isolation region. 
Next, the rough oxide grains and Silicon dioxide layers are 
Stripped. Then, filed oxidation is performed to complete the 
field oxide isolation formation. 

18 Claims, 2 Drawing Sheets 
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MICRO-TRENCH OXDATION BY USING 
ROUGH OXDE MASK FOR FIELD 

SOLATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to the field of integrated 
circuits fabrication, and more particularly, to a process of 
forming local field oxide isolation regions without bird's 
beak. 

2. Description of the Prior Art 
In the conventional integrated circuits fabrication, isola 

tion is achieved by either local oxidation (LOCOS) or 
shallow trench isolation (STI). However, both are suffered 
from the so-called bird's beak formation which is caused by 
oxygen encroachment into the active regions during the 
oxidation. Referring now to FIG. 1, it illustrates a typical 
bird’s beak region 14 at the areas where the field oxide 12 
is adjacent to the active regions of the Silicon Substrate 10. 
These birds beak regions cause problems in Subsequent 
processing particularly as the allowable dimensional toler 
ances of the integrated circuits become Smaller. 

Within the prior art, there are Some references addressing 
the bird’s beak issue, however, none appears to be directed 
to the Specific application of the present invention, namely 
the use of rough oxide mask to form multiple trenches for 
smoother field oxide growth. 

For example, U.S. Pat. No. 5,374,583 to Lur et al. (the 
entire disclosure of which is herein incorporated by 
reference) discloses the use of aluminum-silicon alloy 
mask to etch a set of narrow trenches. Another paper titled 
“Nano-Trenched Local Oxidation of Silicon Isolation Using 
Island Polysilicon Grains” by Kwon et al., J. Electrochem. 
Soc., Vol. 143, No. 2, pp. 639-642, 1996, teaches the use of 
island polysilicon grains (IPG) mask. But the processes are 
too complicated and the materials are not often used in a 
Semiconductor factory to be practically employed for inte 
grated circuits mass-production. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide a method of forming local isolation in an inte 
grated circuit. 

It is another object of the present invention to provide a 
method of forming local isolation by using rough oxide as a 
mask to reduce or eliminate the birds beak formation. 

Yet, another object of the present invention is to provide 
an effective and manufacturable method to locally oxidize 
Silicon Substrate for isolation in an integrated circuit. 

These objects are accomplished by the fabrication proceSS 
described below. 

First, a layer of first dielectric is formed on the surface of 
a monocrystalline Silicon Substrate. The first dielectric layer 
is then patterned to define active device region and isolation 
region by the conventional lithography and etching tech 
niques. Next, a very thin layer of Second dielectric is 
deposited over the entire Silicon Substrate Surface, followed 
by depositing a layer of rough oxide with predetermined 
grain size overlaying the Second dielectric layer. NeXt Step 
is the key point of the present invention, by using rough 
oxide grains as an etching mask, the Second dielectric layer 
and the Silicon Substrate underneath are Spontaneously 
etched to form multiple trenches in the isolation region. 
Next, the rough oxide grains and Second dielectric layers are 
Stripped. Then, field oxidation is performed to form a 
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2 
smoother field oxide isolation region. The local field oxide 
isolation regions without birds beak according to the 
present invention is finally accomplished. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings forming a material part of 
this description, in which: 

FIG. 1 shows a cross sectional representation of a field 
oxide region with birds beaks formed by a conventional 
LOCOS process. 

FIG. 2 shows a croSS Sectional representation of a Silicon 
Substrate after the isolation region is defined according to the 
first embodiment of the present invention. 

FIG. 3 shows a croSS Sectional representation of a Silicon 
Substrate after the rough oxide is formed according to the 
first embodiment of the present invention. 

FIG. 4 shows a croSS Sectional representation of a Silicon 
Substrate after multiple trenches are formed according to the 
first embodiment of the present invention. 

FIG. 5 shows a croSS Sectional representation of a Silicon 
substrate after the isolation region without birds beak is 
accomplished according to the present invention. 

FIG. 6 shows a croSS Sectional representation of a Silicon 
Substrate after the rough oxide is formed according to the 
Second embodiment of the present invention. 

FIG. 7 shows a croSS Sectional representation of a Silicon 
Substrate after multiple trenches are formed according to the 
first embodiment of the present invention. 

FIG. 8 illustrates the grain size of the rough oxide is a 
function of the OZone concentration according to the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention discloses herein is directed to a process of 
forming local field oxide isolation regions without birds 
beak. The drawing figures are illustrated a partially com 
pleted Silicon Substrate. In the following description, numer 
ous details are Set forth in order to provide a thorough 
understanding of the present invention. It will be appreciated 
by one skilled in the art that variations of these specific 
details are possible while still achieving the results of the 
present invention. In other instance, well-known processing 
StepS are not described in detail in order not to unnecessarily 
obscure the present invention. 

Referring now more particularly to FIG. 2, a layer of first 
dielectric 23 is formed on the surface of a monocrystalline 
silicon Substrate 21. The first dielectric layer 23 is then 
patterned to define active device region 25 and isolation 
region 27 by the conventional lithography and etching 
techniques. 
The first dielectric layer 23 is thermally grown or chemi 

cally vapor deposited (CVD) silicon dioxide to a thickness 
of about 500 to 1000 Angstroms. Alternatively, the first 
dielectric layer 23 can be silicon nitride or silicon dioxide/ 
silicon nitride double layers. The first dielectric layer etching 
process is using dry etching technique with CF, CHF and 
O2 reactant gases. 

Referring now to FIG. 3, a very thin layer of thermal 
oxide 29 which has a thickness of about 50 to 150 Ang 
Stroms is grown over the Silicon Substrate 21 Surface in the 
isolation region 27, followed by depositing a layer of rough 
oxide 31 with predetermined grain size over the entire 
Silicon Substrate Surface. 
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The rough oxide 31 is typically formed by atmosphere 
chemical vapor deposition (APCVD) or sub-atmosphere 
CVD (SACVD) techniques, the deposition operation is 
under a mixture of ozone and Tetra-Ethyl-Ortho Silicate 
(TEOS) gases (O-TEOS), at a temperature range of 300° C. 
to 600 C., a pressure range of 300 to 760 Torr and a ozone 
concentration greater than 4%. This step is the key point of 
the present invention, the Surface roughness of the rough 
oxide is a function of OZone concentration as shown in FIG. 
8. The rough oxides have ideal grain sizes which can Serve 
as a proper etching mask when deposited in OZone concen 
tration greater than 4% environment. 

Referring now to FIG. 4, by using rough oxide grains 31 
as an etching mask, the thermal oxide 29A in the isolation 
region and the Silicon Substrate 21 underneath are sponta 
neously etched to form multiple trenches which are about 
2000 to 4000 Angstroms deep. The etching process is once 
again using dry etching with Cl, HBr and O2 reactant gases. 
Alternatively, the trenches 33 are formed by two-step etch 
ing to etch the thermal oxide 29A and the silicon Substrate 
21 Separately. 

Referring now to FIG. 5, the rough oxide grains 31 and 
thermal oxide layer 29A are removed. Then, filed oxidation 
is performed to form a smoother field oxide isolation 37 
without bird's beak. Alternatively, the field oxide 37 may 
first grow, and then remove the rough oxide grains 31 and 
thermal oxide layer 29A later. The local field oxide isolation 
regions without birds beak according to the present inven 
tion is finally accomplished. Thereafter, the Silicon Substrate 
is ready for Subsequent proceSS Steps. 

The rough oxide grains 31 and thermal oxide layer 29A 
are usually stripped by diluted hydrogen fluoride (HF) acid, 
but other types wet etching or dry etching may also work. 
The field oxidation is achieved by thermally oxide the 
silicon substrate 21 at a temperature range of about 900 C. 
to 1100° C. for about 60 to 150 minutes to obtain an ideal 
field oxide thickness. 

Alternatively, FIGS. 2, 5, 6, and 7 illustrate another 
preferred embodiment of the present invention. This 
embodiment proceed exactly as the proceeding embodiment 
up to the Step of defining the active device and isolation 
regions. 

Referring now to FIG. 6, a very thin layer of second 
dielectric 30 which has a thickness of about 50 to 150 
Angstroms is deposited over the entire Silicon Substrate 21 
Surface, followed by depositing a layer of rough oxide 31 
with predetermined grain size overlaying the Second dielec 
tric layer 30 as shown in FIG. 6. 

The Second dielectric layer 30 is typically using chemical 
vapor deposited oxide (CVD oxide) or the like, alternatively, 
fluoride doped silicate glass (FSG), phosphor us doped 
silicate glass (PSG), plasma enhanced CVD TEOS (PE 
TEOS), low pressure CVD TEOS (LP-TEOS), nitride 
(SiN.) or oxynitride (SiO.N.) can also be used. 

Referring now to FIG. 7, by using rough oxide grains 31 
as an etching mask, the Second dielectric layer 30A and the 
Silicon Substrate 21 underneath are Spontaneously etched to 
form multiple trenches 33 about 2000 to 4000 Angstroms 
deep in the isolation region. The etching process is once 
again using dry etching with Cl, HBr and O2 reactant gases. 
Alternatively, the trenches 33 are formed by two-step etch 
ing to etch the second dielectric layer 30A and the silicon 
Substrate 21 Separately. 

Referring now to FIG. 5 once more, the rough oxide 
grains 31 and second dielectric layer 30A are stripped. Then, 
filed oxidation is performed to form a smoother field oxide 
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isolation 37 without bird's beak. Alternatively, the field 
oxide 37 may first grow, and then Strip the rough oxide 
grains 31 and second dielectric layer 30A later. 
The field oxide isolation region formed according to the 

present invention has Several advantages. First, the trenches 
provide deep oxide depth, and thereby high Volume ratio and 
planar Surface can be achieved. Besides, the enhanced 
trenches area also provides enough Space for the Silicon 
dioxide to expand, and results in Smaller StreSS buildup and 
much leSS recessed birds beak formation compared with the 
traditional LOCOS or STI processes. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment, it will 
be understood by those skilled in the art that various changes 
in form and detail may be made therein without departing 
from the Spirit and Scope of the present invention. 
What is claimed is: 
1. A method of forming isolation region of an integrated 

circuit by means of rough oxide mask, comprising the Steps 
of 

(a) forming a first dielectric layer on a silicon Substrate 
Surface, and defining active device and isolation 
regions; 

(b) growing a thermal oxide layer on the exposed said 
Silicon Substrate of the isolation region; 

(c) forming a rough oxide layer over the entire Silicon 
Substrate Surface; 

(d) etching through said thermal oxide layer and Silicon 
Substrate to form multiple trenches in the isolation 
region by using Said rough oxide as an etching mask, 
and 

(e) removing said rough oxide and thermal oxide layers, 
and then oxidizing Said Silicon Substrate within Said 
trenches to form a field oxide isolation region. 

2. The method according to claim 1, wherein step (e) is 
first oxidizing Said Silicon Substrate within Said trenches to 
form a field oxide isolation region, and then removing Said 
rough oxide and thermal oxide layers. 

3. The method according to claim 1, wherein said first 
dielectric layer is Selecting from the group consisting of 
Silicon dioxide, nitride and oxide/nitride double layers. 

4. The method according to claim 1, wherein Said thermal 
oxide has a thickness of about 50 to 150 Angstroms. 

5. The method according to claim 1, wherein Said rough 
oxide is composed of Silicon dioxide formed with reactant 
gases of ozone and Tetra-Ethyl-Ortho Silicate (O3-TEOS). 

6. The method according to claim 5, wherein said 
O-TEOS is deposited in an environment with ozone con 
centration greater than 4%. 

7. The method according to claim 5, wherein said 
O-TEOS is deposited at a temperature range between 300 
C. to 600° C. 

8. The method according to claim 5, wherein said O 
TEOS is deposited at a pressure range between 300 to 760 
Torr. 

9. The method according to claim 5, wherein said trenches 
are about 2000 to 4000 Angstroms deep. 

10. A method of forming isolation region of an integrated 
circuit by means of rough oxide mask, comprising the Steps 
of: 

(a) forming a first dielectric layer on a silicon Substrate 
Surface, and defining active device and isolation 
regions; 

(b) depositing a second dielectric layer over the entire 
Silicon Substrate Surface; wherein Said Second dielectric 
layer is Selected the group consisting of chemical vapor 
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deposited oxide (CVD oxide), fluoride doped silicate 
glass (FSG), phosphorous doped silicate glass (PSG), 
PE-TEOS, LP-TEOS, nitride and oxynitride; 

(c) forming a rough oxide layer overlaying said Second 
dielectric layer; 

(d) etching through said Second dielectric layer and sili 
con Substrate to form multiple trenches in the isolation 
region by using Said rough oxide as an etching mask, 
and 

(e) removing said rough oxide and Second dielectric 
layers, and then oxidizing Said Silicon Substrate within 
Said trenches to form a field oxide isolation region. 

11. The method according to claim 10, wherein step (e) is 
first oxidizing Said Silicon Substrate within Said trenches to 
form a field oxide isolation region, and then removing Said 
rough oxide and Second dielectric layer. 

12. The method according to claim 10, wherein said first 
dielectric layer is Selecting from the group consisting of 
silicon dioxide nitride and oxide/nitride double layers. 
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13. The method according to claim 10, wherein said 

second dielectric layer has a thickness of about 50 to 150 
Angstroms. 

14. The method according to claim 10, wherein said rough 
oxide is composed of Silicon dioxide formed with reactant 
gases of ozone and Tetra-Ethyl-Ortho Silicate (O-TEOS). 

15. The method according to claim 14, wherein said 
O-TEOS is deposited in an environment with ozone con 
centration greater than 4%. 

16. The method according to claim 14, wherein said 
O-TEOS is deposited at a temperature range between 300 
C. to 600° C. 

17. The method according to claim 14, wherein said 
O-TEOS is deposited at a pressure range between 300 to 
760 Torr. 

18. The method according to claim 10, wherein said 
trenches are about 2000 to 4000 Angstroms deep. 
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